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Objective: Arthroscopy is “the gold standard” for the
diagnosis of knee cartilage lesions. However, it is invasive
and expensive, and displays all the potential complica-
tions of an open surgical procedure. Ultra-high-field MRI
now offers good opportunities for the indirect assess-
ment of the integrity and structural changes of joint
cartilage of the knee. The goal of the present study is to
determine the site of early cartilaginous lesions in adults
with non-traumatic knee pain.
Methods: 3-T MRI examinations of 200 asymptomatic
knees with standard and three-dimensional double-
echo steady-state (3D-DESS) cartilage-specific sequences
were prospectively studied for early degenerative
lesions of the tibiofemoral joint. Lesions were classi-
fied and mapped using the modified Outerbridge
and modified International Cartilage Repair Society
classifications.
Results: A total of 1437 lesions were detected: 56.1%
grade I, 33.5% grade II, 7.2% grade III and 3.3% grade IV.
Cartographically, grade I lesions were most common in
the anteromedial tibial areas; grade II lesions in the ante-
romedial L5 femoral areas; and grade III in the centromedial
M2 femoral areas.
Conclusion: 3-T MRI with standard and 3D-DESS cartilage-
specific sequences demonstrated that areas predisposed
to early osteoarthritis are the central, lateral and ventro-
medial tibial plateau, as well as the central and medial
femoral condyle.
Advances in knowledge: In contrast with previous studies
reporting early cartilaginous lesions in the medial tibial
compartment and/or in the medial femoral condyle, this
study demonstrates that, regardless of grade, lesions
preferentially occur at the L5 and M4 tibial and L5 and L2
femoral areas of the knee joint.
INTRODUCTION
Cartilage defects display poor healing ability and favour the
development of early osteoarthritis. These lesions are as-
sociated with signiﬁcant morbidity and frequently require
surgical treatment.1 Although arthroscopy is considered as
“the gold standard” for diagnosis of knee cartilage lesions,
having accuracy as high as 95–98%, it is invasive and ex-
pensive, and displays all the potential complications of an
open surgical procedure.2,3
Cartilage lesions are difﬁcult to evaluate by standard
MRI.4–7 3-T MRI displays a distinct signal gain that may be
transferred into a higher spatial resolution as well as
a shorter acquisition time, thus facilitating the detection of
cartilaginous lesions.4,8 The use of three-dimensional
double-echo steady-state (3D-DESS) sequences combined
with the standard sequences on a 3-T MRI scanner has
provided good diagnostic results and therefore has served
as a standard of reference in cartilage imaging in many
major preceding studies.9–11
Various classiﬁcations of cartilaginous changes of the
knee have been applied in the current literature.12–14 The
Outerbridge15 classiﬁcation remains the gold standard
for macroscopic cartilage evaluation. A modiﬁcation of this
classiﬁcation is used for MRI diagnosis.16 However, it does
not provide information on the localization and extent of
the defect. For this reason, the International Cartilage
Repair Society (ICRS) Standard Workshop adopted a dif-
ferent classiﬁcation for the localization of knee cartilage
lesions.17
The goal of the present study is to determine the site of early
cartilaginous lesions in adults with non-traumatic knee pain.s
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METHODS AND MATERIALS
Following appropriate institutional review board approval, 200
MRI knee examinations were prospectively performed in 177
asymptomatic patients (75 females, 102 males; mean age, 42 years;
range, 18–81 years). All 177 patients were sampled consecutively
from our outpatient clinic (Department of Orthopaedic Surgery,
Inselspital, University of Bern, Switzerland). Cartilage degeneration
was evaluated with the modiﬁed Outerbridge classiﬁcation while
cartographic analysis was performed using the ICRS scheme.
Patients aged less than 18 years at the time of MRI examination
and those with intra-articular fractures or varus–valgus axis de-
viation .10° on orthoradiograms were excluded from the study
group. To obtain age-speciﬁc measurements, patients were
divided into two subgroups: (A) comprising subjects aged
18–50 years and (B) subjects aged 51–81 years.18
All MRI examinations were performed with an advanced 3-T
MRI scanner (MAGNETOM® Verio, TIM software v. VB 17;
Siemens Healthcare, Erlangen, Germany) using a dedicated
15-channel phased array knee coil. Knee joint cartilage was
evaluated using standard sequences as well as an isotropic
multiplanar reconstructible 3D-DESS sequence (DESS gra-
dient recalled echo) with selective water excitation. The
repetition time was 5ms, and the echo time was 14.2 ms. The
ﬂip angle was 25°. An isotropic voxel size with a volume of
0.33mm3 was applied for cartilage imaging. For localization
of the cartilage lesions, multiplanar reconstructions in axial,
sagittal and coronal planes optimized for the anatomy of the
joint were used. Cartilage lesions were classiﬁed based on
their extent and depth using the modiﬁed Outerbridge15
classiﬁcation (Figures 1–4).
Figure 1. (a) Grade I lesion in a 25-years-old female patient. (b) Grade I lesion in a 65-year-old male patient.
Figure 2. (a) Grade II lesion in a 22-year-old male patient. (b) Grade II lesion in a 67-year-old male patient.
BJR DS Evangelopoulos et al
2 of 8 birpublications.org/bjr Br J Radiol;88:20140542
Two independent readers, an orthopaedic surgeon with experi-
ence in musculoskeletal imaging and a radiologist, performed
the MRI analysis. If a lesion was observed by at least one of the
two readers, then a positive lesion was documented. Agreements
were examined using the coefﬁcient for interrater agreement
(Cohen kappa). The interpretation was translated into ﬁve
scales: poor (,0.20), fair (0.21–0.40), moderate (0.41–0.60),
good (0.61–0.80) and very good (0.81–1.00).19
The interclass correlation coefﬁcient (ICC) was calculated
amongst the two independent readers for each grade of lesion
identiﬁed on MRI evaluations.
To document the localization of cartilage degeneration, the mod-
iﬁed ICRS classiﬁcation was applied.17 Areas were consecutively
numbered from one to nine, while medial and lateral com-
partments were marked with an “M” and “L”, respectively
(Figure 5).
For each femoral and tibial compartment, the occurrence of grade
1–4 arthritis at each position was tabulated by frequency tables.
Combined pie charts and bubble plots were used to display the
results. Within each block, univariate logistic regression models, with
the position of the defect as predictor, were used to explore the
occurrence of arthritis of any grade. Pairwise comparisons of
all possible locations of cartilaginous lesions were performed.
To account for multiple testing, the Bonferroni–Holm ad-
justment of p-values was used within each compartment,
where p-values ,0.05 were classiﬁed as statistically signiﬁ-
cant. Multiple logistic regression models were performed to
Figure 3. (a) Grade III lesion in a 44-year-old female patient. (b) Grade III lesion in a 68-year-old male patient.
Figure 4. (a) Grade IV lesion in a 28-year-old female patient. (b) Grade IV lesion in a 64-year-old male patient.
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analyse the inﬂuence of different parameters, including age, leg
axis, knee joint side and sex, on the occurrence of osteoarthritis at
each position in each joint compartment. Calculations were
performed with SAS® v. 9.2 (SAS Institute Inc., Cary, NC) and
S-Plus v. 8.1 (TIBCO Software Inc., Palo Alto, CA) software.
RESULTS
The detailed results are shown in Tables 1–4. All 200 knees
exhibited cartilage lesions. Interobserver agreement between the two
readers was rated very good for the localization (k50.86) and good
(k50.78) for the grading of the lesions. The ICC for all lesions
identiﬁed on MRI evaluations was 0.72 (p,0.001), showing con-
sistency between the two independent reviewers for all grades of
lesion.
A total of 1437 lesions were detected: 806 grade I lesions
(56.1%), 481 grade II lesions (33.5%), 103 grade III lesions
(7.2%) and 47 grade IV lesions (3.3%). The area most com-
monly affected was the lateral femoral condyle with 427 (29.7%)
lesions, followed by the medial femoral condyle with 353
(24.6%) lesions, the lateral tibial plateau with 345 (24.0%)
lesions and the medial tibial plateau with 312 (21.7%) lesions.
Grade I lesions were preferentially located L5 tibial lesions (64
lesions), followed by M4 tibial lesions (59 lesions). Grade II
lesions were most often located L5 femoral lesions (52 lesions)
and L2 femoral lesions (49 lesions). The only clustering of grade
3 lesions was found in M2 femoral lesions (11 lesions). Grade 4
lesions were rare (n5 5).
Figure 5. Modified International Cartilage Repair Society classification showing the different areas.7
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Group A patients (mean age, 33.4 years; 57 females; 78 males)
had a total of 808 lesions, of which 521 (65%) were grade I, 232
(29%) were grade II, 36 (4%) were grade III and 19 (2%) were
grade IV. Of Group A lesions, 30% were located in the lateral
femoral condyle, 23% in the lateral tibial plateau, 24% in the
medial femoral condyle and 24% in the medial tibial plateau.
In Group B (mean age, 59.7 years; 26 females; 38 males), a total
of 629 lesions were detected, 285 (45%) of which were grade I,
249 (40%) were grade II, 67 (11%) were grade III and 28 (4%)
were grade IV. Of Group B lesions, 30% were found in the lateral
femoral condyle, 26% in the lateral tibial plateau, 25% in the
medial femoral condyle and 19% in the medial tibial plateau.
DISCUSSION
The goal of the present study was to detect the site of onset of
cartilage degeneration in asymptomatic patients. Detailed clinical
classiﬁcation of cartilaginous lesions through the modiﬁed
Outerbridge classiﬁcation14 proved to be easily applicable. The
modiﬁed cartographic ICRS classiﬁcation17 also enabled pre-
cise and simple documentation of the localization of cartilag-
inous lesions of the knee joint. The results of this study
demonstrate that even grade IV cartilage lesions may be
asymptomatic. Although a single site for the onset of
gonarthrosis could not be detected, a clear predilection for
central areas of the lateral compartment and for anterior areas
of the medial compartment was revealed. These ﬁndings are
Table 1. Distribution of the cartilaginous lesions of the lateral
femur
Position Grade 1 Grade 2 Grade 3 Grade 4 Total
L1 16 9 0 0 25
L4 16 11 1 0 28
L7 2 3 1 0 6
L2 40 49 3 2 94
L5 55 52 8 4 119
L8 3 5 3 1 12
L3 43 19 2 2 66
L6 30 21 5 5 61
L9 8 5 2 1 16
Total 213 174 25 15 427
Table 2. Distribution of the cartilaginous lesions of the medial
femur
Position Grade 1 Grade 2 Grade 3 Grade 4 Total
M7 8 1 1 1 11
M4 60 30 6 1 97
M1 25 16 7 0 48
M8 4 2 1 1 8
M5 41 31 7 4 83
M2 30 18 11 5 64
M9 4 0 2 0 6
M6 7 3 3 0 13
M3 9 9 5 0 23
Total 188 110 43 12 353
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consistent with the study of Iwaki et al on the analysis of
tibiofemoral movement of the knee joint.20
Various classiﬁcations are currently applied predominantly for
arthroscopic evaluation of cartilage defects.21 New classiﬁcation
systems focus mainly on objective parameters, such as lesion depth
and extent, and less on surface/superﬁcial properties.14,17,22,23 Al-
though the modiﬁed Outerbridge classiﬁcation15 is widely ac-
cepted for arthroscopic grading of cartilage lesions, in the
cadaver study of Cameron et al,24 it demonstrated only mod-
erate validity, depending on the localization and severity of the
lesions.15,25 Precise data on a lesion’s characteristics, such as
location, depth and surface area, as well as the status of the
contiguous cartilage, are essential for both diagnosis and op-
timal treatment choice.1
Non-invasive procedures such as MRI are being vigorously
discussed regarding their sensitivity and speciﬁcity and have so
far produced good results. Literature data report that MRI is
a sensitive and accurate tool for evaluating the morphology and
structure of joint cartilage, as well as the accompanying path-
ological changes.16,26,27 Whether or not MRI underestimates
the number and size of cartilage lesions of the knee joint is
a point of controversy.28 There is general agreement that car-
tilage damage evaluation on standard MRI examination
remains problematic. However, recently developed cartilage-
Table 3. Distribution of the cartilaginous lesions in the lateral
tibia
Position Grade 1 Grade 2 Grade 3 Grade 4 Total
L3 29 20 6 2 57
L6 47 23 3 2 75
L7 7 3 2 0 12
L2 46 21 3 3 73
L5 64 30 4 2 100
L8 7 0 2 1 10
L1 1 0 0 0 1
L4 6 6 0 0 12
L7 3 1 1 0 5
Total 210 104 21 10 345
Table 4. Distribution of the cartilaginous lesions in the medial
tibia
Position Grade 1 Grade 2 Grade 3 Grade 4 Total
M9 2 1 1 1 5
M6 1 1 1 1 4
M3 7 3 1 0 11
M8 3 2 2 2 9
M5 51 33 3 2 89
M2 36 8 0 1 45
M7 4 2 2 1 9
M4 59 28 3 2 92
M1 32 15 1 0 48
Total 195 93 14 10 312
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speciﬁc MRI sequences were able to demonstrate, depending
on the severity of the lesion, a sensitivity of 43–87% and
a speciﬁcity of 89–97%.9,25,29–32 In the present study, joint
cartilage was examined using the 3D-DESS sequence on a 3-T
MRI scanner, which various studies have shown to be very well
suited for this purpose and, therefore, has served as a standard
of reference in cartilage imaging in many major preceeding
studies.9–11 In addition to visualizing the actual cartilage
thickness plus adequate contrasting of the cartilage–bone
border, this sequence has the advantage of enabling multi-
planar 3D reconstruction, thus allowing detailed evaluation of
joint cartilage lesions.10,11,33 Based on the current develop-
ment of various cartilage-speciﬁc sequences for improving
sensitivity, the status of 3-T MRI as an accurate diagnostic
tool, especially for grade III and IV cartilage defects, can be
conﬁrmed.25,30,34–36
von Engelhardt et al30 reported a uniform (medial, lateral)
distribution of grade I/II defects in 3-T MRI examinations.
High-grade lesions (grade III/IV) showed a predilection for
medial localization. Their results correspond closely with
those of the present study. Overall, 54.5% of the detected
lesions were located in the medial compartment and 45.3% in
the lateral compartment. In our cohort, higher grade lesions
were located in the medial knee joint compartment. However,
several studies report cartilaginous lesions occurring prefer-
entially in the medial compartment and/or in the medial
femoral condyle.1,12,28,31,37–40
To recognize age-speciﬁc differences, patients were divided into
two age subgroups: (A) subjects aged 18–50 years and (B) subjects
aged 51–81 years. The majority of grade I lesions occurred in
Group A (65%). Grade II lesions were almost equally distributed
between the two groups. Group B had 65% of all grade III lesions
and 60% of all grade IV lesions, clearly more than Group A.
Similar to Curl et al,38 age-speciﬁc changes were examined only in
grade IV lesions. The results show a similar trend: 72% of grade
IV lesions were found in patients aged over 40 years.
Despite our efforts to ensure the validity of the present study, certain
limitations are observed. Although our results indicated a clear pre-
dilection for central areas of the lateral compartment and for anterior
areas of the medial compartment, this patient cohort is too small to
allow permanent conclusions on the model of cartilage degeneration
and consequent bone attrition. Additionally, since radiological evalu-
ation included only MRI scanning, no correlation could be established
between MRI ﬁndings and those of conventional X-rays. Moreover, it
should always be borne in mind that MRI scans can underestimate
cartilage thickness owing to minimal subchondral calciﬁcation.
CONCLUSIONS
Our results demonstrate that even grade IV cartilage lesions may
be asymptomatic. In contrast with previous studies reporting early
cartilaginous lesions in the medial tibial compartment and/or in
the medial femoral condyle, the results of the present study
showed that, regardless of grade, lesions preferentially occur at the
L5 and M4 tibial and L5 and L2 femoral areas of the knee joint.
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